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Abstract: Southeast Asia faces one of the fastest growths in electricity demand in the world, driven
by increasing incomes, urbanization and industrialization. Development and deployment of green
energy technologies offer a natural conduit to meet the growing electricity needs of the Association
of Southeast Asian Economies (ASEAN) region while also serving as a viable strategy to adapt to
climate change. The aim of this study is to formulate the policy lessons for the ASEAN economies and
governments in facilitating the development and deployment of green technologies and alternatives
energy options based on a specific case review of the ASEAN. The ASEAN economic region is
prioritizing sustainable economic growth while minimizing the regional impacts of climate change
through decarbonization. The study undertakes a case-specific analysis in reviewing green energy
deployment in the context of green growth and energy transition using secondary data sources and
discusses the current status and future options of renewable energy development in the ASEAN.
We find that carbon capture and storage (CCS) technologies will allow the ASEAN to continue
to use fossil fuels while achieving sustainable economic growth as coal demand increases in the
region. The deployment of CCS technologies will also act as an enabler of hydrogen energy as a
green energy solution in the region in the longer term. Boosting public acceptance to nuclear energy,
implementing energy efficiency improvement policies and eliminating fossil fuels consumption
subsidies are feasible short-term and medium-term policies. Increasing both the public and private
sector energy investments and development of CCS technologies in the longer term are necessary
complementary policies to maximize the benefits of greater deployment of renewable energy sources
in the region and combat climate change.
Keywords: green technology; sustainability; climate change; Southeast Asia; energy policy
1. Introduction
Sustainable development is about achieving a more sustainable global future so that
future societies face fewer challenges arising from resource scarcity and accumulating
atmospheric pollutants. Sustainable development is a powerful development concept as
it integrates the economic, societal and environmental aspects and the interrelationships
among the energy, environment and societal concerns. Developing sustainably ensures
that the availability of critical resources such as energy, water and food is available to
both present and future generations and emphasizes mitigating the scope of the environ-
mental problems across both geographic and generational boundaries [1]. However, the
transition towards sustainability is still at an early stage in developing economic regions
while economies around the world have been struggling to balance their economic growth
priorities without deteriorating the natural resources. Developing economies and regions
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are expected to be hit hard by climate change due to their more limited adaptation capa-
bilities even though they have produced relatively small amounts of greenhouse gases.
The COVID-19 pandemic brings further uncertainty in adapting sustainability reforms to
combat climate change given the economic downturn and border closures in many regions
affecting resource mobility. Nonetheless, the role and importance of green technology as a
climate change adaptation vehicle has always been crucial in providing a new perspective
on sustainable development.
Developing economic regions like Southeast Asia currently face paramount challenges
as well as opportunities in matching its increasing energy demand due to rising incomes,
industrialization and urbanization with sustainable energy supply considering the tran-
sition to a lower-carbon economy. Greenhouse gas emissions have been rising rapidly at
an average annual rate of 5% in recent decades among major Southeast Asian economies
such as Indonesia, Malaysia Philippines, Thailand and Vietnam [2]. The region is poised
to become a net energy importer of fossil fuels such as oil due to growing population,
industrialization and urbanization despite the slowdown in economic growth [3]. The total
population in the Association of Southeast Asian Economies (ASEAN) region will increase
to 715 million by 2025 with the economy growing by more than 5% per year and therefore
explaining a rapid rise in energy demand of at least 4% annually [4]. The overall growth
in energy demand of more than 80% since 2000 has been met by a doubling in fossil fuel
use engendering severe energy security concerns such as rising import dependence and
environmental concerns due to an increase in energy-related carbon dioxide (CO2) emis-
sions [3]. For instance, the share of this geographic region to global emissions increased to
4% in 2018 (3% in 2010), while the number of deaths linked to outdoor and household air
pollution in Southeast Asia is expected to spike to more than 650,000 a year by 2040, which
is an increase from around 450,000 deaths in 2018 [5]. The average temperature in ASEAN
is also rising by 0.1 to 0.3 degree Celsius per decade in the last 50 years and is projected to
increase by 2–4 degrees Celsius by the end of the 21st century [6]. The electricity demand in
the region is growing at an average of 6% and remains among the fastest in the world, while
the region’s demand for electricity is projected to double by 2040 [3]. In 2016, the ASEAN
economies set a target of 23% to have its primary energy supply secured from renewable
sources by 2025 [4]. However, it is also likely that the overall energy demand will grow
by almost 50%, while the power generation will double by 2025 [3]. Some countries in
the region will have to at least double their share of renewable energy every year, but a
doubling of renewable capacity alone may not be enough to combat climate change. The
rising energy demand and related CO2 emissions in the ASEAN, therefore, implicates the
heightened need for transitioning towards the development and deployment of greener
energy sources as a necessary climate change adaptation strategy in the region.
There is also an ongoing discourse in the ASEAN to devise policy strategies to mitigate
and adapt to climate change threats and to balance the trade-offs between economic
development and environmental sustainability given the region’s heavy reliance on fossil
fuels. For instance, the power generation mix of the ASEAN is dominated by fossil fuels,
which accounted for almost 80% in 2017 and are expected to account for 82% in 2050 in
the absence of the region not transitioning to cleaner energy systems [7]. Therefore, the
need to develop, deploy and adopt green technologies is imminent for Southeast Asia to
address the twin challenges of rising energy demand and increasing emissions in ensuring
energy sustainability as well as to mitigate the adverse impacts of climate change. The
ASEAN economies should increase their share of renewables in the energy mix to 70%
by 2040 to meet their sustainable development goals [8]. However, the progress towards
the adoption of green technology such as renewables in Southeast Asia is slower than the
anticipated potential across many Southeast Asian economies. Renewable energy only
meets around 15% of demand with the rapid increase in hydropower and modern use of
bioenergy in heating and transport [9]. Solar and wind power being the most abundant
energy resources in the ASEAN only contribute negligibly to the power mix [7]. The large
potential of sustainable use of modern bioenergy remains untapped in the region, although
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electricity from hydropower production has quadrupled since 2000. The Southeast Asian
economies are yet to perform globally in renewable energy deployment due to various
challenges despite having huge potentials for sustainable energy sources [10]. However,
policymakers across Southeast Asia are intensifying their efforts in achieving a common
goal of a secure, sustainable and affordable energy sector even though the region is diverse
and dynamic [8]. The diversity in energy mix in the region also offers a viable opportunity
to accelerate regional physical interconnections of power grids and make greater use of
the resource and demand complementariness [11]. Boosting regional power grids in the
ASEAN has also been a well-advocated energy policy agenda in the past [12].
The objective of this study is to analyze and review the energy–economy–environment
in the ASEAN from an energy sustainability perspective in the context of green energy
development and deployment as a powerful climate change adaption policy in the re-
gion. In doing so, the study recognizes the inevitable economy–environment tradeoffs
between regional economic growth and adverse climate change impacts as a policy tool
for policymakers to emphasize. The study assumes that successful energy transition in the
ASEAN is only possible by increasing the share of renewables and clean energy and fuels.
Therefore, based on our impartial and unbiased analysis using secondary data sources,
we propose that the policymakers need to formulate and implement proper policies that
are of short-term, medium-term and long-term nature. These policy proposals include
scaling of renewable energy deployment, focusing on energy efficiency improvements,
discouraging the use of fossil fuels by undertaking energy pricing reforms and embracing
hydrogen, carbon capture, utilization and storage technologies. However, significantly
accelerating the deployment of renewable energy in the region is challenged by greater
levels of investment and financing requirements, which the region needs to overcome
alongside managing the energy governance and financial risks.
Our study is also one of the limited studies focused on the deployment and advance-
ment of green energy technologies as a necessary climate change adaption strategy in the
context of sustainable development in the ASEAN. The findings of our study are significant
to the ASEAN governments and policymakers in crafting a sustainable energy policy
through the development and deployment of alternative greener energy options apart from
the conventional renewable sources in adapting to adverse impacts of climate change in
the region. We undertake a case review of the ASEAN region as a whole as a case-specific
analysis based on a secondary data as a suitable approach to examine policy problems that
do not easily lend themselves to rigorous quantitative analysis or that cannot be analyzed
using econometrics due to the unavailability of disaggregated data [13].
The remainder of the paper is structured as follows. Section 2 is a brief literature
review on the deployment of conventional renewable energy in the context of green growth
and energy transition and also portrays the current status of conventional renewable energy
deployment in the ASEAN. Section 3 discusses green energy innovation and alternative
green energy options for the ASEAN in adapting to climate change. The three major
proposed policy recommendations are discussed in Section 4. Section 5 concludes the paper.
2. Current Status of Renewable Energy Deployment in the ASEAN
Historically, the development and deployment of conventional green technologies
have mostly been carried out in the context of national green growth strategies and energy
transition. This is because economies around the world have set challenging targets to
reduce greenhouse gas emissions and renewable energy technologies that offer decar-
bonization pathways and possibilities. Many developing countries have started to adapt
strategies related to green growth into their economic development agenda. The gap be-
tween the technologies and the capabilities has been addressed on the basis of literature on
technology transfer as well as industry insights across the technology lifecycle. Heuristics
have been shown to be crucial when it comes to deployment of clean technology from a
policymaker perspective, while technology-specific green growth strategies also depend
on countries with different income levels as well as their requirements [14]. However,
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several challenges in the energy sector have been identified to meet the renewable energy
targets that were set by ASEAN economic community between 2010–2015 [15]. For instance,
there has been little progress in terms of regional cooperation in critical areas like physical
infrastructure, while various financial constraints, regulatory differences and technological
gaps are challenging energy security.
Governments in Indonesia, the Philippines and Singapore have focused on the institu-
tionalization of sustainable energy by aligning with the domestic systems of renewable
energy based on an analysis of their sustainable energy policies between 2000 and 2016 [16].
Li et al. [17] in 2020 found a tremendous mismatch between resources and energy demand
despite the huge potential for renewable energy in the research about the energy transition
in East and Southeast Asia. In another article of 2019 by Lee et al. [18], the impact of fossil
fuel aerosols on air quality in Southeast Asia under varying hypothetical fuel consumption
scenarios were examined. The results showed that the replacement of coal by natural gas
in the power generation and industry sectors would lead to a 25% reduction in sulphate in
the Southeast Asia region. Substituting biofuels by natural gas in the residential sectors
would lead to a 42% reduction in black carbon concentration. The importance of clean air
in the Southeast Asian region is also articulated under the findings of the International
Energy Agency (IEA) [8] where energy-related air pollution death will rise to 650,000 by
2040 from an estimated 450,000 in 2018. Taghizadeh-Hesary and Rasoulinezhad [19] deter-
mined how energy transition patterns depend in 45 Asian economies when classified as per
their income levels for the period of 1993–2018 using the generalized method of moments
(GMM) estimation approach. The results showed that an increase in population slows
the energy transition process across all income levels with economic growth, generating a
positive relationship with the energy transition, while CO2 emissions negatively influence
energy transition.
There has also been increasing debate about the effects of energy transition in the form
of broader global biodiversity threats. Studies have shown that renewable energy facilities
can be land-intensive as well as impact conservation areas. Rehbein et al. (2020) [20]
assessed that the extent of current and likely future development of renewable energy
related to onshore wind, hydropower and solar photo-voltaic generation intervenes with
the protected biodiversity areas. It was found that lack of proactive measures like non-
removal of subsidies of fossil fuels and barriers to regional market integration by the
ASEAN governments will act as barriers to the region in achieving the ambitious target of
23% renewables in the primary energy mix by 2025 [9].
The Table 1 below shows that studies focused on the deployment and advancement
of green energy technologies in the context of green growth and energy transition are
limited for Southeast Asia. Our review study attempts to extend this strand of literature
by reviewing the specific case of the ASEAN economic region in search of viable climate
change adaptation strategies. Existing studies have mostly focused on the technical and en-
vironmental aspects of conventional renewable energy with much disregard for innovative
fuels like hydrogen and carbon capture and storage. Our research will contribute to the
crafting of sustainable energy policy by the ASEAN governments through the deployment
of innovative green technologies in fighting climate change as well as achieving sustainable
economic growth in the region.
The ASEAN region is expected to achieve an accelerated economic growth over the
next decade and experience 50% rise in energy demand. Importantly, the region is targeted
to source 23% of its primary energy from renewable sources [4]. The global economic and
energy indicators show that ASEAN region is becoming a net importer of fossil fuels given
the rapidly growing economies in the region and increasing population size. Oil is likely to
continue to dominate the road and transport demand in ASEAN. Similarly, coal demand
will increase, driven by strong policy settings by countries to meet the economic growth
targets. IEA estimated that more industrial consumers than the power plants drive the
demand of natural gas although the increase in imports of oil is making sources such as
Liquefied Natural Gas (LNG) less price competitive in the ASEAN.
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Table 1. Literature Summary.
Year. Authors Data Methodology Main Findings
2019 Jalton GarcesTaguibao 2000–2016 policy documents.
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discourse of Southeast Asia
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Asia tend to reduce the cost
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An increase in population
slows the energy transition
process across all economies
at different income levels
About 120 million people (around 10% of ASEAN’s overall population) still do not
have access to electricity in Southeast Asia, and the rural areas face a critical challenge
in accessing the power [21]. There are about 45 million people in the region who rely on
biomass as a fuel for cooking [8]. There is a tremendous potential for renewable energy, but
renewable energy only accounts for 15% of the energy demand. On one hand, hydropower
has increased by four times since 2000 along with the increase in the suse of bioenergy in
heating and transport [3]. On the other hand, the share of solar photovoltaics and wind is
small, although the costs have been declining in recent years. An efficient market-based
energy efficiency framework could strengthen in their deployment but such framework
is missing.
Southeast Asia’s overall energy demand is also expected to grow by 60% by 2040
based on a stated policies scenario developed by IEA in 2019. The projection assumes that
the size of the economy will double over the period and the majority of the population
will be concentrated in the urban areas experiencing an increase of 120 million [22]. A
structural economic shift towards less energy-intensive manufacturing and services sectors
is expected along with greater energy efficiency improvements, which will lower the rate
of energy demand compared to previous decades, although it will represent 12% of global
energy rise by 2040. The oil demand will exceed 9 million barrels per day (mb/d) by 2040,
which is currently at 6.5 mb/day [3].
However, Southeast Asian nations also have a geographic advantage in terms of
natural resource endowments to produce renewable energy. For example, Indonesia and
the Philippines have substantial geothermal energy potential, while Vietnam, Cambodia,
Laos and Myanmar have large-scale hydropower potentials. Similarly, most areas in these
countries have at least 12 h of sunshine on average and are suitable for solar electrification.
The global renewable energy generation capacity stood at 2179 GW by the end of 2017,
with the hydro sector holding the largest share with an installed capacity of 1271 GW.
In the same period, Asia alone accounted for 64% of the global share in new renewable
capacity. The majority of the growth in installed renewable capacities is driven by the new
installations of solar and wind energy in the ASEAN (around 85% of all new renewable
capacity installed). Thailand was one of the distinguishable countries in the ASEAN region
that had the second-highest share in bioenergy capacity (430 MW). Indonesia topped the
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list in expanding the geothermal energy capacity by 306 MW and is soon approaching a
2 GW total geothermal capacity [23]. Similarly, Malaysia is the third-largest producer of
photovoltaic cells in the world while solar is responsible for sourcing the majority (47% in
2017) of the grid-connected renewable power generation in Malaysia [24].
Likewise, Laos has around 80% of its primary energy demand sourced through re-
newable energy, and the country has realized its potential. Biomass energy, which comes
from forestry and agricultural waste, comprises 68% of its energy and is used for house-
hold cooking and small-scale rural production. The remaining 12% is sourced from the
hydropower sector. The commercial methods to utilize biomass in Laos includes direct
combustion, gasification, anaerobic digestion and hybrid system [25]. Laos also took advan-
tage of the 300 days of annual sunlight, which enabled its economy to equip 13,000 rural
homes with solar panels. In Indonesia, the government has taken the initiative to build a
large-scale floating power plant, which has opened doors for 60 other reservoirs across the
country [26]. The country has huge potential for wind, and a 100-hectare wind farm was
opened in South Sulawesi that has a capacity to power around 70,000 households [27].
The Philippines has the largest potential for wind energy in Southeast Asia, although
a significant proportion of the population does not have access to electricity, compelling
them to use alternate methods for cooking and lighting. Green start-ups have played a
major role in the Philippines by benefitting from the natural energy resource endowments.
A Filipino startup named Sustainable Alternative Lighting came up with a saltwater
solution-powered lamp product that retains power for up to eight hours. Furthermore, the
disposable component of the lamp lasts for 6 months and is also not expensive to replace.
Around 51% people use firewood or charcoal in the Philippines [28].
Figure 1 shows that the region’s energy demand is expected to rise to 60% by 2040.
This expected rise in energy demand is far lower compared with the energy demand of the
previous decades. The renewable share in power generation is expected to rise from 24%
in 2020 to 30% by 2040. However, the expected rate of progress in renewable energy is still
short of levels reached by other emerging economies such as China and India under the
stated policies scenario. The hydropower sector that accounts almost 80% of the renewable
share is the cornerstone of ASEAN’s energy portfolio and the rise of wind and solar energy
as well as biofuels, and bioenergy from waste products is likely to deliver promising
growth. Furthermore, innovation in hydrogen carbon technologies could positively change
the energy landscape of ASEAN [7].
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Figure 1. Primary Energy Demand in the Association of Southeast Asian Economies (ASEAN)
(2018–2040). Source: Adapted from IEA [3].
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Figure 2 portrays the economic and energy outlook of the Southeast Asian region in
the global context. While the region is experiencing one of the highest increases in electricity
demand at an average of 6% per year, the numbers of power systems in the region face
major financial backlash. The use of overall energy demand cannot be undermined either,
as the overall energy demand has grown by more than 80%, with fossil fuel use doubling.
The renewable energy capacity potential in Southeast Asia is significant enough and is
continuously growing as observed in Figure 2. Nevertheless, only 15% of the region’s
energy demand is met at present from renewable energy sources, although the scope for
renewable energy in the region is tremendous. The falling costs of solar photovoltaics and
wind could be encouraging news for supporting their deployment, especially for the small
economies in the region such as Myanmar, Cambodia, Vietnam and Laos.
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Hydropower output has also quadrupled in Southeast Asia since 2000 [3]. The costs for
solar photovoltaics (PV) have been falling over time, but the share in total energy remains
small. IEA [3] data also show that there has been a shift towards low energy-intensive
manufacturing and services given the projected rate of energy demand growth is lower
than the past two decades, which holds 12% share of the projected rise in global energy
use to 2040. Figure 3 below also shows that space cooling is set to drive the growth in
household electricity demand in the ASEAN by 2040.
Achieving a clean energy future in the ASEAN requires electrifying the transport
sectors by deploying green technologies like electric vehicles. However, the congested roads
and lack of proper infrastructure make it difficult to scale up and replace oil consumption.
The rise of middle income and the increasing demand for household space cooling has
increased the energy use for air conditioners in ASEAN by 7.5 times in the past 30 years.
Indonesia, which is the most populated country in ASEAN, only has about 10% of its
households with air conditioning, and less than 20% of households in the whole ASEAN
region have air conditioning. However, these numbers are likely to keep growing, and
an additional 200GW of capacity needs to be added by ASEAN countries by 2040, which
will increase demand by 30% [29]. There ar oppo tunities, at the same time, to in rease
energy efficiency policies, which could in turn enhance efforts to improve the building
and equipment efficiency. Policymakers must understand that hydrogen is one of many
alternatives available to fossil fuels, given the high significance in energy storage, longer-
distance driving and faster filling [7].
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3. r I ti and Alternative Energy Options in the ASEAN
eeting the energy-related sustainable development goals (SDGs) in the ASEAN
requires deploying multiple technologies and policy approaches in the energy sector.
As there are no silver bullets, international experiences of energy transitions can offer
valuable guidance and insights in the development and deployment of green energy
technologies in the ASEAN, considering that fossil fuels have dominated the planet for
centuries and will continue to do so. While the removal of carbon from the atmosphere
is urgent, innovative energy solutions should be adapted considering the environmental,
technological and economical aspects. Policymakers need to have a practical orientation
towards the frameworks that are being developed internationally towards the deployment
of green technologies so that the energy transition becomes smooth. A report by IRENA
showed that Southeast Asia has the highest share of jobs in renewable energy (83%),
whereas it is the lowest in terms of energy efficiency jobs (only 7%) [30]. Renewable energy
technology varies significantly across the member states in ASEAN, although there has
been some significant progress made in renewable energy development.
3.1. Nuclear Energy
Nuclear power systems are comparatively clean and a reliable source of energy with
the potential to contribute towards hydrogen economy. Many countries in Southeast Asia
have also expressed increasing interest in nuclear energy given the economic benefit as
well as low-carbon emissions for electricity supply [31]. In addition to renewables, the
technological advancement of nuclear reactors is already considered to have the possi-
bilities of transforming the clean energy sector in Southeast Asia [32]. The substantial
possibility for cost-effective, efficient and large-scale hydrogen production utilizing heat
derived from nuclear power station already exists. For example, the US Department of
Energy introduced the Advanced High-Temperature Reactor (AHTR) technology build
for hydrogen production with high-temperature water electrolysis or thermochemical cy-
cles [33]. Several studies on the thermochemical cycle have delivered thermal-to-hydrogen
energy efficiencies of, e.g., 50% for the adiabatic UT-3 cycle and 52% for the sulphur-iodine
cycle [34]. Hence, economically sound and technologically superior hydrogen production
capacities could be sourced from nuclear energy. Nuclear energy sector has also gained
favor from international organizations like Intergovernmental Panel on Climate Change
(IPCC) as an important energy option to attain the “zero emissions”. However, there have
been accidents like the Fukushima nuclear incident in Japan that have changed the political
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environment and perceptions towards nuclear energy. The commitment to mitigating
greenhouse gas (GHG) was revised in Japan as a response. Although Japan committed
to a 25% reduction in emissions from 1990 levels by 2020, it only decreased by 3.8% from
2005 levels, translating to a 3.1% increase in GHG from 1990 levels [35]. However, the
nuclear reactors in Japan also restarted their operations since 2015 despite the lack of
public acceptance.
An increase in global nuclear power production of about 80% is required by 2040
to achieve the sustainability target in which 85% of the global electricity needs to come
from clean sources by 2040 compared with the existing 36%. The use of nuclear power has
reduced carbon dioxide (CO2) emissions by over 60 gigatons, which is equivalent to two
years’ worth of global energy-related emissions [3]. Hence, it would be much harder to
achieve a sustainable energy system without a proper nuclear investment. Furthermore,
nuclear plants also help to keep the power grids stable by limiting the seasonal fluctuation
impact from other renewables and reduce dependence on imported fuels, which has been
prevalent in major ASEAN countries. However, public acceptance and trust needs to be
garnered by informing the public about the importance of the energy source as a viable
energy technology to address societal needs.
3.2. Carbon Capture and Storage (CCS)
Achieving long-term economic growth in the ASEAN will involve the continued use of
fossil fuels. Increasing demand for coal is expected to cause a rise in emissions around 66%
by 2040 [8]. How can the ASEAN region continue to use fossil fuels to accelerate economic
growth without hurting the environment? CCS offers a viable pathway to use cheaper
energy sources such as fossil fuels while minimizing their environmental impacts, as the
technology can prevent around 90% of CO2 from entering the atmosphere by capturing the
emissions produced from fossil-based electricity generation and uses. CCS technology also
enables producing clean hydrogen from fossil fuels as the emitted carbon gets captured
and geologically stored. Almost all of the world’s hydrogen is sourced from gas, coal and
the production of clean hydrogen using CCS technology and can be more cost-effective
than producing clean hydrogen from renewables using electrolytes [7]. If combined with
renewable biomass, CCS allows carbon dioxide to be taken out of the atmosphere and is
carbon-negative.
Southeast Asia provides good opportunities for harnessing the CCS technology as
the region has plentiful geological storage resources. Countries like Indonesia, Vietnam,
Philippines and Thailand have 54 gigatons of storage capacity [36], which reflects that
the region has sufficient capacity to conceal carbon dioxide. However, countries in the
ASEAN region are developing CCS at different speeds. For instance, CCS technologies
have gained much attention in Singapore across both the public and private sectors since
2017. Indonesia is also considering the development of large gas projects with high CO2
concentrations, even though there is a need to further codify the CCS legal framework.
Malaysia, on the other hand, is focusing on the CCS development in the power and oil/gas
sectors by undertaking capacity development and storage assessments alongside running
legal and regulatory workshops. The Asian Development Bank (ADB) has also been
promoting carbon capture, utilization and storage (CCUS) in Asia since 2009 [37]. The
economic analysis by Asian Development Bank (ADB) showed that natural gas processing
and power plants are the best capture source, as it is the lowest-cost option for carbon
capture and storage in Southeast Asia [38]. However, the development and deployment
of CCS in the ASEAN region need to overcome significant challenges such as generating
investments, attracting climate financing, regional and international collaboration as well as
establishing regulatory frameworks for CO2 storage. An effective stakeholder engagement,
especially through a smooth public dialogue could enhance carbon capture and storage
development, which could increase the commercial viability.
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3.3. Hydrogen Energy
Hydrogen is the most abundant chemical element available in the atmosphere and can
be a viable source to electrify homes, transport and industry. Hydrogen is being pursued as
a potential form of clean energy given its wide usage in areas such as ammonia production,
petrochemical and oil refining industries and many others. Currently, around 95% of
hydrogen is produced from coal and gas, also called “grey hydrogen”, and a small portion
is produced with carbon capture, sequestration and storage (CCS), called “blue hydrogen”.
Less than 5% of total hydrogen production is produced from renewables, also known as
“green hydrogen” [7]. Green hydrogen obtained through the electrolysis of water could be
a non-polluting alternative for energy. Green hydrogen could be adopted in sectors such
as transport, power generation, construction buildings and energy storage as it can make
a remarkable contribution to clean energy transitions. Hydrogen has the characteristics
of being light, storable and energy-dense, and no direct emissions of greenhouse gases
makes its an important part of a clean and secure energy future. A study has found out
that the electricity demand would reach 3600 TWh, surpassing the total annual electricity
generation of the whole European Union if all the current hydrogen production is to be
transformed from green sources [39].
Hydrogen fuel has huge potential to combat climate change by facilitating the tran-
sition to low-carbon energy sources despite their existing low share in the global energy
consumption. An increase in scope for renewable energy and continuous decrease in the
costs demanded for innovative green technologies of which storage facilities developed
through hydrogen is likely. Furthermore, research has shown that blending of hydrogen
with natural gas could provide a smooth transition from the current hydrocarbon-based
economy to a hydrogen carbon economy [40]. In a long-term transition toward a clean and
sustainable energy future, hydrogen provides a flexible option and a more distributed en-
ergy system that ensures a clean and sustainable hydrogen future [41]. The system brought
about by a hydrogen economy could provide an easy transition towards a renewable-based
future for many countries in ASEAN, which demands infrastructure and high energy demands.
The cost of hydrogen will also decline by over 50% by 2040 if adopted across all
sectors, making it as competitive as the price of gasoline [42].The current cost of supplying
renewable is about five times higher than gas, but the cost will come down with an invest-
ment in hydrogen supply chains. Green hydrogen will serve as a catalyst to address the
integration challenges hindered for wind and solar as the world is shifting towards a green
economy. By 2023, many hydrogen projects in Organisation for Economic Cooperation
and Development (OECD) countries are expected to be launched which includes major
pipelines for distribution to end-users and electrolyzers [43]. Island countries, especially in
the ASEAN region, will benefit substantially as hydrogen will accelerate the storage as a
clean energy carrier [7].
However, the ASEAN region has not yet included hydrogen in its policy agenda
in many countries as an alternative fuel. Nevertheless, policy measures are likely to be
addressed on emerging and alternative technologies, as hydrogen and energy storage by
ASEAN Plan of Action for Energy Cooperation (APAEC) Phase 2 is under preparation for
endorsement at ASEAN Ministers on Energy Meeting. The OECD’s action plan to increase
the share of hydrogen in the energy mix could indeed be fulfilled with the support from
APAEC. The energy leaders in ASEAN could also develop a clear strategy on ways to
promote hydrogen use in transportation and power sectors not limited to refining, fertilizer
and petrochemical industries. Countries such as Singapore, Malaysia, Thailand, Indonesia
and the Philippines could learn lessons from OECD countries, China and European com-
munity to guide the investment in research and development for hydrogen produced from
both renewables and non-renewables.
Southeast Asian countries can learn from neighboring economies such as China, which
has already accelerated hydrogen investment support to local industries whereby about
US$2 billion is being injected. Similarly, Japan has been promoting the global adoption of
hydrogen for vehicles, power plants and other usages. Brunei in the ASEAN region has
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also taken a lead in the supply chain of hydrogen as it has supplied the liquefied hydrogen
to Japan since 2019. However, more energy is consumed by the liquefied hydrogen as it
needs a temperature of minus 253 degrees Celsius in order to transform the cooled gas into
a liquid form [7].
Japan has been pioneering the renewable hydrogen economy in which the production
of hydrogen through the reformatting process of renewable electricity such as solar and
nuclear is likely to bring a breakthrough in decarbonizing emissions. Japan also became
the first country in East Asia to adopt a basic hydrogen strategy, which will ensure that the
production will reach cost parity with gasoline fuel and power generation in the long term.
The society’s willingness to pay is also a major factor despite the efforts by governments
and private sectors to adopt hydrogen practices. South Korea is another country that has
set a target for hydrogen usage with 10% of total energy consumption by 2030 and 30% by
2040 in order to power selected cities and towns [7]. The South Korean government has
also made an announcement to create three hydrogen cities by 2022 where hydrogen will
be used for major urban functions such as cooling, electricity, heating and transportation.
New research efforts are also underway with regards to investigating new methods for
chemical-based liquid hydrogen carriers. A study [44] in 2013 introduced a methodology
to quantitatively analyze the energy system by looking into the relationship of green car
technology and greenhouse gas reduction in the regions of South Korea. The research
suggested that technology such as decarbonization should be enhanced through the pro-
duction of hydrogen to replace the existing fossil fuel sources in the foreseeable future. A
recent study [7] also supports the promising future role of renewable hydrogen in energy
transition to decarbonize ASEAN’s emissions based on the examination of the potential
scalability of renewable hydrogen production from curtailed electricity.
4. Policy Recommendations
The development and deployment of green technologies are viable and necessary
in Southeast Asia to address the critical issues of climate change and adaptation in the
context of increasing energy demands. The development and deployment of green en-
ergy technologies will improve environmental quality, human welfare and overall help
developing economies to achieve sustainable development goals. ASEAN as a regional
multinational organization has a pivotal role to play to not only fulfill its global commit-
ments of the United Nations Climate Change Conference (COP 21) but also to facilitate
cross-sectoral partnerships for sustainable economic development. This is important to
achieving the ASEAN Community Vision 2025, which aims to sustain the momentum of
regional integration [45].
There seems to be lack of adequate experience and expertise in some ASEAN member
states such as Vietnam, Malaysia and Indonesia when it comes to the evaluation of risks
of renewable energy investments, which has translated into lack of financial support and
public capital immobility towards renewable energy investment. The cost of deploying
renewable energy sector has been continuously falling, which has increased prospects
for accelerated investment shifting away investor’s choices from fossil fuels towards
renewables. Green technologies such as hydropower, geothermal and hydrogen carbon
have become substantially competitive. For instance, the costs of solar PV, concentrating
solar, onshore wind and offshore wind have fallen respectively by 82%, 47%, 39% and 29%
between 2010 and 2019 [46].
Around 56% of capacity additions for utility-scale renewable power achieved lower
electricity costs in 2019 than the cheapest new coal plant. The annual potential savings
were projected around $23 billion if 500 GW of existing coal were to be replaced by solar
wind [47]. This global trend is an indication for the policymakers in ASEAN also to
emphasize alternative green energy options and exploit the huge benefits they bring.
Technologies to reduce emissions from the power sector such as carbon capture, utilization
and storage are essential, and efficiency must be achieved in sectors such as vast cooling
and road transport. The gasification of biomass and solar–thermal technology create
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alternatives in producing hydrogen from renewable energy sources. Similarly, the surplus
wind electricity is also used for hydrogen production as a means for storing energy, which
reduces the risk from the curtailment of solar and wind power [7].
4.1. Transitioning towards Hydrogen Carbon Economy
The ASEAN countries could emphasize on an efficient interplay between energy,
environment and economy in moving towards a hydrogen carbon economy. Hydrogen has
major implications in various sectors such as transport. Countries like India have welcomed
foreign investment in fuel cell vehicles and hydrogen transportation infrastructure, which
have already started in some pilot cities. Similarly, in Japan, the Tokyo Metropolitan
government has increased the number of hydrogen buses to 100 in 2020 [48]. As for the
ASEAN region, the Sarawak Local Government in Malaysia is starting to operate hydrogen
buses soon. Singapore is also collaborating with companies from Japan to explore the
development of hydrogen as a new clean fuel to decarbonize emissions.
Hydrogen production mostly comes from natural gas as it consists of 70 million tones,
which is around three quarters of the annual global or 6% of natural gas use. Coal also
contributes equally, as countries like China have a major stake while only some of thei
production of hydrogen comes from oil and electricity [40]. It can be observed from Figure 4
below that the support investments for hydrogen technologies have increased recently in
many countries with around 50 targets, mandates and several policy incentives especially
focused on the transport sector. Hydrogen production mostly comes from natural gas, as it
consists of 70 million tonnes, which is around three quarters of the annual global or 6% of
natural gas use.
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There is not a one-size-fits-all solution when it comes to hydrogen policy. The produc-
ti n of both “blue” a d “gre n” hydrogen include several opportunitie and risks to the
count ies following he respective approaches, even though there are options available to
deploy hydrogen products from both fossil fuels and low-carbon sourc s such as renewable
electricity. On one hand, hydrogen based on fossil fuels may enable ra id scale-up in short
term. However, there are minimal environmental benefits, and it requires carbon capture
in the long term. On the other hand, the substantial application of hydrogen in big sectors
such as transport and chemicals can bring efficiency to the energy system. This could bring
numerous opportunities to exploit energy resources that are currently underutilized. The
ASEAN government should align their ambition and approach for the use of hydrogen
by considering the international practices as well as the market scope where it can be
widely applied.
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There still remains a considerable gap towards realizing its potential despite the wide
spectrum of opportunities entailed by hydrogen with its industry application. An action-
oriented plan and vision is required both for the near future to make hydrogen feasible for
that future as the support for clean energy transition is growing among policymakers in the
ASEAN. An intelligible policy is essential to meet the long-term hydrogen goals as there are
various risks associated in investments, which could be detrimental to many stakeholders
given the complexity of hydrogen value chains. A standard regulation is required across
the ASEAN countries to mitigate uncertainties and co-ordination problems. The IEA has
stated four key value chains as an opportunity in the coming decade to accelerate the speed
of hydrogen deployment focusing on different regions of the world. The ASEAN is focused
as part of the fourth value chain as a part of Asia Pacific, along with Middle East, North
Africa and Europe, which are “the first shipping routes”, in order to kick-start international
hydrogen trade for the ultimate global low-carbon market [49].
Hydrogen can be directly produced from increasingly demanded coal in the ASEAN
with near-zero greenhouse gas emissions as carbon capture and storage technology becomes
available. However, the development and deployment of certain green technologies
like the carbon capture, utilization and storage requires appropriate institutional and
policy set up as a prerequisite. There are raw materials widely used in infrastructure
such as in construction, aerospace and automotive sectors, whereby traditional materials
are replaced by carbon-based materials such as carbon composites and manufactured
graphite. These materials can largely absorb the enormous amount of carbon products as
countries like Canada, Japan and the US have already constructed and developed bridges
with such mechanisms. One major advantage of carbon-composites in comparison to
traditional materials such as steel is that it does not erode and is five times stronger than
the mainstream heavy construction equipment [33]. There could be a significant decrease
in CO2 emissions, which in turn would discontinue the cement-manufacturing plants by
replacing concrete with carbon materials. There has been good progress made in terms of
using carbon-based products as additives for substituting cements.
4.2. Adapting Green Energy Financing for Green Deployment
Finance is the engine of development of renewable energy projects, and financing of
investments that provide environmental benefits through new financial instruments such as
green bonds, green banks, carbon market instruments, fiscal policy, green central banking,
fintech, community-based green funds is necessary to achieve the SDGs [50]. The ASEAN
and the Southeast Asia governments should adopt these targeted funding channels, also
known as green energy financing, for the greater deployment of green technologies in the
region. A geographical mismatch between resource endowments and demand centers
provides incentive for regional integration of power grids in order to bridge the gap but
requires capital-intensive investments in physical interconnectors. Therefore, the hindrance
of renewable energy development does not only include technological capacity but also
access to finance in the ASEAN [51]. It is difficult for policymakers in determining the
ways to make the transition towards a green economy from the existing coal generation in
the absence of financing access, when generally, financial institutions show more interest
in fossil fuel projects rather than in green projects. The cross-sector policy framework
can enable integrative financing and development of renewable energy fostering energy
efficiency and replacement of fossil fuels.
The Southeast Asian region has played a significant role under the agenda of “one
community for sustainable energy” with publicly financed initiatives such as ASEAN
Power Grid (APG) interconnection, Trans-ASEAN Natural Gas Pipeline (TAGP), energy
efficiency, renewables, and regional level policy and planning [15]. All these initiatives
require costly investments in capital expenditures and are risky which the private sector is
not willing to bear and therefore requires appropriate public financing as evidenced. The
breakthroughs in technology in the renewable sector can provide a resilient model forward
on a low-carbon energy system by easing access to finance and overcoming financial
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barriers in the deployment of renewable energy. The stronger regional framework on green
projects financing can serve as an extensive development plan and ensure a sustainable
energy transition roadmap moving forward. Both regional coordination and cooperation
with a strong political will from all the countries in the region will be vital for an integrated
financial framework development in supporting infrastructure projects in the ASEAN.
The belt and road initiative introduced by China also has some major implications to
the South East Asian economies such as promoting infrastructure projects through Chinese
government financing in the region that relates with water resources and transboundary
rivers. However, several positive and negative impacts may arise, creating political issues
on the social and environmental front through these publicly financed projects [52]. There-
fore, concerns can be raised while deploying green technology projects, especially when
international collaborations take place. A regional governing institution focused on energy
and use of market-based instruments can provide a platform for strengthening energy
dialogues and facilitating the mobilization of green technologies to boost the energy infras-
tructure by attracting financing. Furthermore, the role of the private sector is also equally
important and will not only ensure civic engagement but also support the leveraging of
public funds. The policymakers around ASEAN have been increasingly trying hard to
ensure reliable and affordable sustainable energy solutions. It is equally important to focus
on efficiency while developing investment infrastructure for fuel and power supply.
Commitment for funding from both public and private sectors is crucial. For example,
many public sources have played important roles in financing thermal power plant projects
and large-scale renewables such as hydropower, while most wind and solar PV projects
have relied on private finance supported by policy incentives. Civic engagement and
initiatives from investors and companies also play an equally vital role. A finding of
the South Korean government showed how government aid and other public finance is
deployed. Figure 5 shows the amount of public and private investments in the ASEAN
power generation by different sources. Public investments are dominant in the region,
with significant involvement in electricity generation from coal and gas. The challenge
for policymakers is to entice more private investments into the renewable power sector in
the ASEAN.
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i re 5 above also indicates that more inv stments should be channele towards
sustainable energy, and the deployment of renewables should be scaled up although notable
progress has been made towards disincentivizing the consumption of fossil fuel. Figure 6
below shows the share of financial instruments on total renewable energy investments in
the ASEAN between 2009–2016. Loan and concessional loans remain the two most popular
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financing instruments, which highlights the need to increase the access to credits for the
development and deployment of green energy in the ASEAN.
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4.3. Managing Energy, Environmental and Financial Risks
Green projects are associated with risks ertaining to being ew technologies and
their rel t vely low rate of return. ra id rise of energy demand i Southeast Asia
is poised to bri g several r sks to the regio from an energy financing perspective. The
region is forecasted by IEA to r gister a t deficit in nergy trade of $300 billio per year
due to increasing imports of oil by 2040 [3]. The government budget will likely remain
tightened as the increase in subsidies for renewable energy continues while also distorting
the market-based energy prices. Setting energy prices based on market signals by reducing
fossil fuel consumption subsidies will attract more sustainable energy consumption and
investments in the ASEAN. While the progress is notable in eliminating fossil-fuel subsidies;
the process still remains incomplete. The current dependence on the import of oil is 65%
and is expected to rise to 80% in 2040, and it therefore remains a serious energy security
concern for the region [18]. The high-carbon-intensive power sector in Southeast Asia,
especially due to the rise in coal demand, is expected to amplify environmental risks
through ncreased CO2 missions to almost 2.4 gigatons by 2040 [18]. This will negatively
impact the environmental quality, adding to alr ady existing poor urban air quality and
congested transportatio infrastructure.
The governments of ASEAN need to address the energy security risks by taking into
account the financial, environmental and social viability of the projects. To achieve this,
various frameworks could be developed in the process of procurement and contracting
mechanisms in the renewable sector. The support to the financial system and enhance-
ment of sustainability utilities could also strengthen the market. The challenge of limited
infrastructure particularly in the Philippines and Indonesia, which are archipelagic in
nature, has obstructed effective renewable energy deployment as they have fragmented
electricity transmission grids. Similarly, the lack of regulatory frameworks on green tech-
nology development and deployment brings major challenges too. Countries like Brunei
do not have a specific policy framework in place to regulate the development of renewable
energy, although it has been reported to be in progress [54]. There was major infrastructure
devastation in Laos PDR due to a lack of coordination, creating human risk as the failure of
an auxiliary dam washed out 13 villages, affecting around 11,000 people [55]. The high-risk
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nature of hydropower dam construction should not be underestimated despite the huge
potentials for hydropower with an unrealized power potential of 22.3 GW in the region.
Vietnam is another major player in the hydropower sector and has an estimated
16.68GW capacity, but the lessons from Laos have allowed the country to focus on less
intrusive sources of renewable energy. The revised master plan of Vietnam has not focused
on the development of large-scale hydropower as a renewable source of energy but pro-
motes increasing the capacity to 21.6 GW in 2020, which is approximately 27.8 GW by
2030 with small and multipurpose projects [56]. Vietnam has a heavy reliance on coal-fired
power, as in 2020 alone, the country’s capacity stood at 49.3%. The coal’s share in Vietnam
is expected to reach 53.2% by 2030 as the development project is demanding more energy
despite the efforts by the government’s revised master plan to reduce reliance on coal.
Given the cheaper cost associated with renewables and wind and solar, sources from coal
could be shifted and reduce the current import of coal, which is around 30 million tones in
Vietnam [57].
The proper coordination among the government agencies and the private sector is
crucial towards prioritizing renewable energy policies into implementation. Awareness
among the public about the benefits of using green technologies can boost energy efficiency
as well environmental conservation initiatives. Multilateral power trading agreements
will be crucial along with the expansion of cross-border transmission, which can lower the
building and operating costs of ASEAN region’s power systems. Countries such as Lao
PDR export 67% of electricity generated from hydropower, which is almost 30% of all its
total exports, with main buyers being in ASEAN countries itself such as Thailand, Vietnam
and Cambodia [53]. The regional integration could facilitate the growing demand for
energy by deploying green technologies such as wind and solar PV and most importantly
the application of hydrogen carbon-based instruments.
5. Conclusions
The purpose of this study was to formulate the scenario-based policy lessons and
framework in the case of ASEAN economies in facilitating the development and deploy-
ment of green technologies and alternative energy options. In doing so, the study reviewed
the literature around green energy deployment in the context of green growth and en-
ergy transition and discussed the current status of renewable energy development in the
ASEAN. Alternative energy options such as nuclear and hydrogen energy prospects were
discussed, while the study proposed hydrogen fuel as a way forward in meeting the energy
and environmental objectives in the ASEAN. Some of the underlying research questions
that this study aimed to shed light on and expose as urgent areas of future research include:
(i) Why is the deployment of renewable energy low in the ASEAN, and what frameworks
are needed to better support their wider deployment of green technologies like wind and
solar in Southeast Asia in the context of energy transition? (ii) What are the policy and
institutional frameworks required to implement innovative green technologies such as
carbon capture, utilization and storage in the region as demand for fossil fuels, in particular,
coal escalates? (iii) What is the scope for energy efficiency improvements in the region
within the context of the push towards greener technology development and deployment?
(iv) How can cross-sectoral partnerships between the governments, businesses, and NGOs
in the ASEAN help to mitigate the threats of climate change collectively? However, it was
beyond the scope and not the aim of this paper to comprehensively provide answers to
each of these individual questions.
The study concludes that carbon capture, utilization and storage (CCUS) will be a vital
technology in the ASEAN to reduce emissions from the power sector and from industry
while allowing the use of fossil fuels to achieve economic growth. The study proposes
that transitioning to a hydrogen carbon economy, adapting to green energy finance for
development and managing financial risks in promoting green energy development are
necessary and urgent in the ASEAN region to adapt to climate change. The decreasing
costs for renewable electricity, especially from solar PV and wind, seems to support the
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production of electrolytic hydrogen, making it a low-cost supply technology option for
hydrogen. Similarly, the increasing pressure from international agreements such as COP21
will demand countries to deploy alternative fuel pathways in their energy mix.
The International Monetary Fund forecasted the global economy to grow negatively
at 4.9% in 2020, which will demand that policymakers come up with major economic
stimulus packages to combat the COVID-19 crisis [58]. Investment in clean energy with
technological solutions will not only be an ideal option from an environmental standpoint
but will also fulfil the unemployment gap by creating green-technology-related jobs while
spurring economic growth and is perceived to be vital in emerging regions like ASEAN.
In addition, the falling costs of renewables can also provide policymakers a perspective
to revisit the energy policy planning documents and have a long-term vision about green
technology deployment. Batteries, hydrogen and carbon capture are viable technologies as
they have the potential to be deployed in mass scale, which could help in achieving global
clean energy transition. According to a recent analysis done by IEA, governments are
believed to be driving 70% of global energy investments [59]. A proper coordination and
leadership from the ASEAN governments to engage multiple stakeholders is important to
achieve climate change goals with the appropriate deployment of green technologies. A
coordinated energy strategy in the ASEAN will also improve the nuclear prospects, which
are complicated by political factors, and public acceptance towards nuclear energy needs
to be boosted.
Implementing energy efficiency improvements policy in the ASEAN through policy
measures such as attracting Foreign Direct Investment (FDI) and reducing energy con-
sumption in public goods provisions such as streetlights are desirable [60]. Cross-sectoral
partnership and international power connectivity in the ASEAN region should be the way
forward. The European Union provides a perfect example, whereby their partnership
in renewable energy lowered the energy supply from coal by 3% [8]. We propose that
short-term and medium-term policies to facilitate decarbonization include boosting public
acceptance to nuclear energy, implementing energy efficiency improvement policies and
complete elimination of fossil fuel consumption subsidies. The longer-term policies are
to deploy CCS technologies as an enabler of hydrogen energy and to increase both the
public and private sector energy investments in and development of CCS technologies.
These are important policy lessons for the ASEAN governments to accommodate in energy
policy crafting and promote sustainable development in the region through green energy
development and deployment as a viable strategy to adapt to climate change.
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